Study on Urban Heat Island Effect Based on Normalized Difference Vegetated Index:A Case Study of Wuhan City  by Zhang, Yang et al.
Procedia Environmental Sciences 13 (2012) 574 – 581
1878-0296 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of Environment, Beijing Normal University.
doi:10.1016/j.proenv.2012.01.048
Available online at www.sciencedirect.com
 
 
Procedia 
Environmental 
Sciences 
Procedia Environmental Sciences  8 (2011) 575–582 
www.elsevier.com/locate/procedia 
 
 
The 18th Biennial Conference of International Society for Ecological Modelling 
Study on Urban Heat Island Effect Based on Normalized Difference 
Vegetated Index:A Case Study of Wuhan City 
Yang Zhanga,b* , Chen Yiyuna,b, Ding Qinga,b, Ping Jianga,b  
a School of Resource and Environmental Science, Wuhan University, Wuhan, 430079, China  
b Key Laboratory of Geographic Information System, Wuhan University, Wuhan ,430079, China 
 
Abstract 
Urban heat island effect has obtained more and more attention because environmental problems caused by the urban 
heat island have affected people's normal life. In this paper, qualitative and quantitative analyses have been used to 
study the relationship between normalized difference vegetated index (NDVI) and surface radiation temperature. The 
relationship of NDVI and surface radiation temperature has been studied in spatial profile. On that basis, the paper has 
studied the spatial distribution of heat island in Wuhan city and explained the features of the Wuhan spatial 
distribution of heat island. Research results has showed that there is obvious negative correlation between NDVI and 
the surface radiation；Heating island strength is higher in industrial and commercial areas than others; Water and green 
space perform a distinct role to divide and mitigate the heat island effect. 
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1. Introduction 
The world is experiencing an unprecedented tide of urbanization nowadays. City is the most centralized region 
space of the humanity production, life and civilized achievements. In the perspective of landscape, urbanization shows 
as a process of land use/cover transformation. This process is that natural landscape consisted of water, soil, vegetation 
and other elements turns to artificial landscape consisted of cement, asphalt, chemical materials, metals and other 
elements [1]. As the artificial landscape becomes the substitute of natural landscape, the change of surface material 
quality has caused a series of changes of the surface radiation, the hot memory, and heat transfer. These changes take 
the form of urban heat island [2]. Urban heat island effect is a typical manifestation of urban ecological environmental 
problems. City heat island problems may not only lead to air quality descend, rainfall and precipitation frequency 
affected, pollution increase, and will further threat to urban residents physical health and quality of life. Urban heat 
island problems have become one of the important society f acing environmental problems today. For this research, 
scholars gave more and more attention to. 
Along with the development of spatial information technologies, thermal infrared satellite remote sensing 
technology provides the basis means for urban heat field monitoring, obtain city temperature field information [3]. At 
present the application of remote sensing technology in urban heat island research mainly focuses on several aspects: 
(1) Study on city surface temperature interpretation methods research, the underlaying surface real temperature is 
approximate described through different inversion algorithm[4,5];(2) Study on urban heat island pattern and evolution, 
the thermal environment change rules are explored in the study period by using of satellite remote sensing 
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data[6];(3)study on  urban heat island formation and driving force, the quantitative relationships of urban heat island 
change and related driving factors is established through mathematical statistic method[7]. 
The objective of this study is to investigate the relationship between vegetation index and surface radiation 
temperature. Based on this study result, it analyses the spatial distribution of the thermal island.
2. Study area 
The study area is Wuhan city located in middle Hubei Province (Fig.1). It extends from113°41′E to115°05′E and 
from29°58′N to 31°22′N, covering a total area of 849441 ha. This climate is north subtropical monsoon climate, it 
have abundant rainfall、 plenty heat and four district seasons. The average annual temperature is 15.8℃—17.5℃. the 
extreme maximum temperature is 41.3℃ in history. Wuhan is the center city in the central region of China. With the 
urban spatial expansion, city underlaying surface changes significantly. Wuhan known as "the Chinese one of three 
stove," as a populous mega cities, whose urban heat island problem is particularly outstanding. Taking Wuhan main 
city as the research area has the very strong representation. 
 
 
 
Figs.1 Study area 
3. Data and method 
3.1 Data 
The sensing data sources are the Landsat TM images of Wuhan, whose imaging time is on October 16, 2006. The 
Landsat TM images included seven bands, 30m spatial resolution, whose sixth band spatial resolution is 120m. The 
third and fourth band is used to extract vegetation index NDVI. The sixth band is used to invert the surface radiation 
temperature of study area. 
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3.2 Method 
3.2.1 Extraction of vegetation index NDVI  
NDVI (Normalized Difference Vegetated Index) satellite data is used to identify vegetated areas or non-vegetated 
areas. NDVI is a useful and widely used index to identify relative variations of vegetation [8,9]. NDVI is calculated 
with near infrared (NIR) and visible red (R) reﬂection in Equation (1), which is generally used to express the density 
of vegetation. 
NIR RNDVI
NIR R



                                  （1） 
NIR is the reflectivity of the near infrared band. R is the reflectivity of the visible red band. NDVI value changed 
between - 1~+1. NDVI of the non-vegetation's rock, the bare earth are very low, approximate are 0. NDVI is positive 
value in a vegetative cover place. NDVI is negative value in water body. 
3.2.2 Surface radiation temperature inversion 
The surface radiation temperature (the ground brightness temperature) is observed the heat radiation intensity 
corresponding temperature by the sensor in the satellite altitude. The surface radiation temperature formulas are: 
DNL Gains Biases                                （2） 
2 1/ ln( / 1)T K K L                                  （3） 
Lλ is the radiation intensity received by TM the remote sensor, Gains is the gain factor[units：(W·m-2·sr-1·μ
m-1)/DN]. Biases is the deviation ratio (units：W·m-2·sr-1·μm-1). T is the surface radiation temperature(units：K). 
K1 and K2 are the correction factors, K1=60.776mW/（cm2*sr*μm）, K2=1260.56K. 
3.2.3 Partition of the Thermal Island Strength Grade 
According to the geography similarity criterion proposed by MA Ainai in the remote sensing information model 
study and the thoughts used the ecological monitoring index for urban heat island remote sensing research by Sun 
Samei[10,11]. The relative surface radiation temperature are introduced to expresses the city tropical island effect strong 
or the weak. Its mathematical formula is： 
( ) i a
a a
T TTT
T T

                                    （4） 
Π(T) is the geography similarity criterion of the surface radiation temperature. Ti is the surface radiation 
temperature of I point in the city. Ta is the average temperature of the city and the city outlying zone. 
4. Result and Discussion 
4.1 Correlation analysis of surface radiation temperature and NDVI  
The normalized difference vegetation index (NDVI) is calculated and the surface radiation temperature is inverted 
through the space modeling. The spatial distribution of NDVI and surface radiation temperature are shown in Fig.2 
and Fig.3.  
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Figs.2 Space Distribution of NDVI 
 
Figs.3 Space Distribution of Surface Radiation Temperature 
NDVI and the surface radiation temperature have an opposite tendency as a whole in the spatial variation can be 
seen from Figs.2 and Figs.3. NDVI in the urban fringe area is significantly higher than that in urban centers, while the 
surface radiation temperature of the urban centers is much higher than that in the urban fringe. But it is clear that water 
is a special case, NDVI and surface radiation temperature are tend to be lowest value surface water. The reason above 
is that the influence of the vegetation to the surface radiation temperature mainly came from the underlaying surface 
storing heat structural change and evaporation transpiration. The calorific capacity of the urban surface which lacked 
of vegetation coverage is high, because its constitution material has the non-evapotranspiration dry nature which 
caused the pad surface thermal conductivity to be big. In order to reveal the response relations between NDVI and 
surface radiation intensity, this research have carried on the section plane analysis to the spatial distribution of 
vegetation index NDVI and the surface radiation (Figs.4 and Figs.5). 
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Figs.4 Sectional Comparison between NDVI and Surface Radiation Temperature in the Space(East-west direction) 
 
Figs.5 Sectional Comparison between NDVI and Surface Radiation Temperature in the Space(North-south direction) 
From Fig.2 and Fig.3, we can see that NDVI and surface radiation temperature have obvious contrary trend on the 
east-west and south-north upward in space. Looking from trend line of the profile line, surface radiation temperature 
formed a high value area in the city centre, namely the scope of urban heat island. On the contrary NDVI is in the low 
value area. Water belonged to the special case, NDVI and the surface radiation temperature are the low value in the 
water body region. In view of the fact that water body belonged exceptional case, the water body is carried on mask 
processing. The terrestrial surface radiation temperature and NDVI is extracted along profiles. On this basis, the 
regression equation( y=-5.9268x+299.67) is established(Fig.6). The research results showed that NDVI and the surface 
radiation temperature present a inverse correlation in two-dimensional space which consisted of NDVI and the surface 
radiation temperature. 
Based on study results that NDVI and the surface radiation temperature presented the reverse correlation, we can 
deduce that the urban internal green space vegetation have the remarkable function in dividing the urban thermal 
island and alleviating the tropical island effect. 
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Figs.6 Fitting relationship Chart between NDVI and Surface Radiation Temperature 
4.2 Space Distribution of Thermal Island in Wuhan City 
We used surface relative radiation temperature to show the strength of the urban heat island effect. According to the 
formula, we can obtain the spatial distribution of the thermal island in Wuhan city (Fig.7). Tab.2 is the thermal island 
grade division standard. 
 
Figs.7 Space Distribution of Thermal Island in Wuhan City 
Tab.1 Partition of the Thermal Island Strength Grade 
Thermal Island Strength Value Thermal Island Strength Grade 
≤0 Green Island 
0.000～0.005 Weak Heat Island 
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0.005～0.010 Strong Heat Island 
0.010～0.015 Stronger Heat Island 
0.015～0.020 Strongest Heat Island 
≥0.020 Violent Heat Island 
We can see that Wuhan urban heat island effect is obvious From Fig.7. The main city forms the islands shape high 
temperature region and the demarcation line is clear. It formed the sharp contrast with the urban fringe. The cause of 
formation of heat island is concerned with the medium of underlying surface, and the urban unique heat source 
condition will enlarge and deepens thermal energy intensity of the certain local area. For example industry production 
area, business district and quarters, iron and steel plant and power plant and so on. We can see that the industrial 
concentration areas of terrestrial surface radiation temperature are significantly higher than other areas in Wuhan city. 
Qingshan industrial zone is the main distribution area of violent heat island, because here where Wuhan ironworks and 
wuhan coke-oven plant are distributed in is situated at the special heat zone in wuhan city. The violent thermal island 
also have the distribution on Baisha sandbar and Tianxing sandbank of Yangtze River. The primary cause is that 
Baisha sandbar and Tianxing sandbank are exposed sand beach, whose heat capacity are small. The strongest heat 
island is mainly distributed in Donghu Lake high and new technology industrial development zone and Wuhan 
economic and technical development zone. Wangjiadun central business district (CBD), Xudong business district also 
formed the strongest heat island, because which are in the activities concentration areas of urban residents. 
Through the above analysis，we can obtain that the urban majority of “heat source” came from industrial building 
area in addition to bare sandy beach. The subprime heat source is mainly distributed in the dense commercial and 
residential area. In the process of urban spatial expansion, the emerging urban areas have blocked the dissipation space 
of exhaust heat of these factories group and caused the factory area tropical island effect to strengthen greatly. 
Simultaneously the factory region vegetation is few and the received solar radiation is strong. These are further 
increased the cluster degree of the heat island effect. 
We can also see clearly that the distribution of the water and green space have an obvious effect on surface 
radiation temperature from the heat island space distribution map Fig.7. It formed the green island center around the 
several great lakes body and city park in wuhan city. Some urban land around big area water body and green space 
also presented the low temperature, as a result of its edge effect influence, which is affected by the edge effect 
influence of the big area water body and green space. 
4.3 Suggestions for urban planning 
4.3.1 Industrial district  
The relatively appropriate planning mode is to first make a long term city planning. The industry arrangement 
positions are determined, which suits the urban long-term development in the urban suburb. Then heavy industry 
group and the serious pollution industry workshop in the urban center region should be gradually moved to the urban 
suburb. We can consider making the ventilation corridors of the prevailing wind available for the industrial workshop 
which is hard to relocate. The changing of the architecture and urban density of the plant around a certain area is also 
suggested. Thus, the heat can be fully released. 
4.3.2 Commercial district and residential district 
That buildings are intensive and the number of regular population and floating population are bigger are the 
common features in commercial district and residential district. Heat island effect is also very significant in these areas. 
Hanzheng district, for example, with many buildings and intensive anthropogenic activities, the internal heat cannot 
spread out. We can make a low-density layout with high-level and comprehensive arrangement vegetation area, small 
greening plaza land for such area. 
4.3.3 Green belt   
Green belts layout is a necessary means to alleviate heat island effect and improve the urban environment. Urban 
green space planning should focus on combining with natural conditions. Based on mountains and water body, urban 
heat source is divided by wedge green belt and annular green belt. 
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5. Conclusion 
The study have carried on the correlation analysis to the vegetation index (NDVI) and the surface radiation 
temperature using Landsat TM remote sensing data, and combined with the GIS spatial analysis technology, and also 
made the further research of heat island spatial distribution. The results of the study indicate that (1) the vegetation 
index (NDVI) have the obvious inverse correlation with the surface radiation temperature in the spatial section plane; 
(2) The thermal island intensity of industrial district and business district are high, and are obviously higher than other 
regions. The primary cause is that the cause of formation of the urban heat island is concerned with the medium of 
underlying surface, and the urban unique heat source condition will enlarge and deepens thermal energy intensity of 
the certain local area. (3) The water body and the green space have the remarkable influence to the urban thermal 
island intensity. They have the edge effect influence to the ambient temperature. As ascent of the city greening level, 
The city tropical island effect will have the distinct improvement. 
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